ABSTRACT BACKGROUND: Achievement of sustained virologic response (SVR) and factors associated with treatment failure in hepatitis C virus (HCV) genotype 3 have been described in tertiary and referral care settings, with rates of SVR reported to range between 72% and 89%. Fewer data exist on SVR outside of these settings.
C urrent estimates indicate that between 2.3 and 3.2 million persons in the United States are chronically infected with hepatitis C virus (HCV). 1, 2 Although the most common genotype is 1, a significant percentage of U.S. patients are infected with genotype 3. Based on data from a national reference testing laboratory study and 2 population studies, genotype 3 makes up between 12% and 13% of chronic HCV patients in the United States. [3] [4] [5] From these reports, it can be estimated that somewhere between 300,000 and 400,000 individuals are chronically infected with HCV genotype 3. This is important because recent evidence suggests that hepatic complications are higher in HCV genotype 3.
Genotype 3 has been associated with a higher incidence of steatosis and a more rapid progression of hepatic fibrosis. 6 In a recent meta-analysis, the odds ratio for accelerated progression to liver fibrosis, based on single biopsy studies, was higher for genotype 3 compared with other genotypes. 7 Other studies have identified high rates of liver complications associated with those patients infected with HCV genotype 3. Nkontchou et al. (2011) found that HCV genotype 3 patients with cirrhosis had a higher incidence of hepatocellular carcinoma. 8 Evidence from the Veterans Affairs Clinical Hepatitis C Registry suggests that patients infected with genotype 3 are at a higher risk for cirrhosis, decompensated cirrhosis, and hepatocellular cancer. 9, 10 Although these patients are at a potentially higher risk for complications, genotype 3 is generally responsive to treatment with the combination pegylated interferon-alpha (PegINF) and ribavirin. Rates of sustained virologic response (SVR) in
• It is increasingly recognized that patients with hepatitis C virus (HCV) genotype 3 are at higher risk for developing hepatic complications.
• Sustained virologic response (SVR) rates in the range of 72%-89% are reported for genotype 3 HCV from clinical trials and in tertiary care or referral settings. Relapse rates in these settings are generally in the 10%-15% range. Less is known about SVR rates and relapse rates for genotype 3 HCV outside of these settings.
• Patient characteristics such as cirrhosis, fibrosis, steatosis, obesity, diabetes, race, and viral load have been associated with lower rates of SVR.
What is already known about this subject
• Within an integrated care delivery system, this study found that the SVR rate for HCV genotype 3 was 52%, which is much lower than previously reported. • Almost 1 in 4 patients (23.5%) with genotype 3 relapsed after completing their treatment course, which is higher than reports from tertiary care settings.
• Cirrhosis, diabetes, and chronic obstructive pulmonary disease were associated with significantly lower rates of SVR; male patients and patients aged 45 years or older also had lower SVR rates.
• For HCV genotype 3, real-world data on SVR and relapse rates differ from results reported in clinical trials.
due to the complexity of treatment associated with coinfected patients and their higher risk for hepatic complications.
Data
Treatment courses for HCV therapy were based on dispense dates and days of supply in the pharmacy records. A gap rule of 6 months was used to designate distinct courses of therapy; the gap rule measured time from the end of the last prescription (dispense date plus days of supply) until the time of the next dispense date for either PegINF or ribavirin. This 6-month rule was selected to allow evaluation of response to therapy. All patients needed to initiate and complete their treatment courses between January 1, 2007, and December 31, 2012. Only the first course of treatment was included in the analysis for those receiving more than 1 course during the study window. Patients were designated as either treatment naïve or treatment experienced based on prior HCV treatment. For purposes of this study, data were collected as far back as January 2002 to identify prior HCV treatment within Kaiser Permanente. Data on demographics (age, sex, and race/ethnicity) and baseline comorbid conditions were collected during the 12 months prior to the index date. Comorbid conditions and laboratory test results were captured, which included cirrhosis, steatosis, FIB-4 score (a marker of hepatic fibrosis), 10, 20 serum liver enzymes (aspartate aminotransferase and alanine aminotransferase), alcohol abuse, platelet count, history of liver transplant, viral load (HCV-RNA), year treatment was initiated, chronic obstructive pulmonary disease, renal insufficiency (chronic kidney disease 3, 4, or 5), diabetes, obesity, and human immunodeficiency virus (HIV) coinfection. Diseases such as cirrhosis, steatosis, diabetes, HIV coinfection, and chronic obstructive pulmonary disease were identified using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. Chronic kidney disease was captured using a combination of ICD-9-CM codes and estimated glomerular filtration rate, while obesity was determined by recorded body mass index or ICD-9-CM codes. Laboratory test results were retrieved from inpatient and outpatient care settings. The number of unique prescription products and outpatient visits in the previous 12 months, as an estimate of health care utilization, were also captured from the medical record. The Quan adaptation of the Charlson Comorbidity Index (CCI) was calculated as an estimate of health status. [21] [22] [23] The primary outcome was SVR 24 weeks after completion of a treatment course. For this study, HCV-RNA tests performed between 12 weeks and 36 weeks after treatment completion were screened to determine the primary SVR outcome (24 ± 12 weeks). If multiple HCV-RNA tests were performed in this time window, then the last test performed was used to determine SVR. Patients who initiated a new course of therapy within this time window were classified as a failure. In an effort to the 72%-89% range are reported for genotype 3 HCV patients treated with PegINF and ribavirin. [11] [12] [13] [14] [15] [16] [17] [18] However, these SVR results are from clinical trials or from patients treated at tertiary medical centers, university hospitals, and referral centers. [11] [12] [13] [14] [15] [16] [17] [18] There is little information confirming these rates of SVR response in population-based studies.
The purpose of this study was to evaluate the rates of SVR and the factors associated with SVR in a population of patients treated outside of the tertiary care and referral medical care settings. Patients with chronic HCV genotype 3 and treated with the combination of PegINF plus ribavirin, within an integrated health care delivery system, were included in the study.
■■ Methods Setting
This retrospective cohort study consisted of chronic HCV genotype 3 patients who were treated with dual therapy consisting of PegINF and ribavirin and was conducted at Kaiser Permanente Southern California (KPSC). KPSC is a large nonprofit integrated health care delivery system providing health care services to approximately 3.7 million members in southern California. Medical care is provided through its own facilities, which include 14 hospitals and approximately 200 outpatient clinics. All aspects of care and interactions with the health care delivery system are captured in a comprehensive electronic medical record (EMR). In addition, care delivered in non-Kaiser settings is captured within a claims reimbursement system. The data generated through the EMR are available for research purposes and include information on membership/ benefits, demographics, dispensed prescriptions, coded diagnoses and procedures, and laboratory test results. This study was approved by the KPSC Institutional Review Board, which waived the requirement of informed consent, since this was a database study without direct patient contact.
Patients
The KPSC membership is diverse and closely mirrors the overall southern California population with respect to age, race, education, and income. 19 Patients with a diagnosis of chronic HCV and/or laboratory test results confirming HCV genotype 3 between January 1, 2007, and December 31, 2012, were screened for inclusion in the study. Eligible patients needed to fill at least 1 prescription for either ribavirin or PegINF, and the date of the first prescription was defined as the index date. Patients needed to be aged at least 18 years on the index date. In addition, patients were required to have at least 12 months of continuous membership plus drug benefit in KPSC prior to the index date to allow for capture of baseline information. Only patients with a baseline and follow-up viral load test (HCV-RNA) after the index date were included in the analysis. Patients coinfected with hepatitis B were also excluded from the cohort determine outcomes, chart reviews were conducted on patients who had nondetectable viral loads at the end of treatment but no HCV-RNA tests in the 12-to 36-week time interval. If patients had HCV-RNA tests beyond the 36-week time window, had continuous membership, and had no evidence of additional treatment, they were classified as SVR or relapse based on these test results. Patients who had cleared the virus at the end of therapy but were lost to follow-up or no longer had health plan membership remained identified as virus cleared at end of therapy but were classified as treatment failure. Treatment failure-those without SVR-were divided into the following groups: (a) virus never cleared (during the course of treatment); (b) breakthrough (virus initially cleared but then returned while on treatment); and (c) relapse (virus was cleared at the end of therapy but returned after stopping treatment). A fourth group was added (cleared, virus cleared at end of therapy) for those patients who had cleared the virus at the end of therapy but never returned for follow-up viral load tests and confirmationthese patients were classified as treatment failures.
Statistical Analysis
The baseline characteristics of patients with chronic HCV genotype 3 are described along with a comparison between those with SVR and those with treatment failure. The overall SVR rate and frequency of relapse, breakthrough, and failure are reported. A multivariate logistic regression model was generated with SVR as the dependent variable. Potential risk factors for the model included demographic information (age, gender, and race/ethnicity); indices of liver disease severity (cirrhosis, steatosis, FIB-4 score > 3.25, and liver transplant); viral load; concomitant diseases (chronic obstructive pulmonary disease, renal insufficiency, diabetes, obesity, and HIV); the number of outpatient visits; and CCI. In this analysis, age was divided into < 45 years and ≥ 45 years to capture the baby-boomer cohort (a population with a higher prevalence of HCV). For the final model, a backward selection process was used to determine major factors to include, and other factors were added based on their clinical importance. Odds ratio (OR) and 95% confidence intervals (95% CI) for predictors of not achieving SVR from the logistic regression model are reported. All analyses were conducted using SAS 9.2 software (SAS Institute, Cary, NC). A two-sided P value < 0.05 was considered statistically significant.
■■ Results
A total of 2,991 treated individuals met all of the inclusion and exclusion criteria, and from this population of patients, 484 (16.2%) were identified with genotype 3 ( Figure 1 ). All patients were treated with the combination PegINF and ribavirin, and the median duration of therapy was 25 weeks. SVR was achieved in 252 (52.1%) patients with genotype 3. A breakdown of the 232 (47.9%) treatment failures is included in Table 1 . Of the 232 failures, 34 never cleared the virus during treatment, and another 114 (23.5%) relapsed after completing treatment. A total of 72 patients (14.9% of all treated patients) were classified "virus cleared at the end of therapy" but did not have a follow-up viral load laboratory test. Most of the patients without follow-up (n = 50) had lost or did not continue their membership in the health plan; 3 patients died; and the remainder did not return to the clinic for HCV-RNA laboratory testing. The baseline characteristics of the genotype 3 population, stratified by SVR and those who failed therapy, are included in Table 2 . The average age of the population was aged 49 years, and 65% were male. Very few individuals in our population of genotype 3 patients had a prior liver transplant, were coinfected with HIV, or had chronic kidney disease (CKD), defined as CKD grade ≥ 3. Compared with patients who achieved SVR, a significantly higher percentage of patients with chronic diseases (pulmonary disease and diabetes), liver cirrhosis, and a high FIB-4 score failed therapy. Prior HCV treatment and overall health care utilization (hospitalizations and emergency room visits, outpatient visits, and prescription drug use) were equivalent between those with SVR and those who failed therapy.
In the multivariate analysis, patients aged ≥45 years had a 43% lower likelihood of SVR, while male patients had a 36% lower likelihood of SVR (Table 3) . Patients with chronic diseases and severe liver conditions also had lower SVR rates. The OR (95% CI) for individuals with pulmonary disease and those with diabetes was 0.39 (0.19-0.80) and 0.34 (0.17-0.69), respectively. The OR (95% CI) for SVR for patients with cirrhosis was 0.31 (0.15-0.61).
■■ Discussion
In this study of 484 patients with HCV genotype 3, 52.1% achieved SVR on dual therapy consisting of PegINF and ribavirin. This rate is lower than other reports from tertiary medical centers, referral centers, and clinical trials, where SVR rates have been reported to range between 72% and 89%. [11] [12] [13] [14] [15] [16] 24 One potential reason for the low SVR rate was the high relapse rate (23.5%) in our patient population compared with rates reported by others. Relapse rates in the range of 10% to 15% for genotype 3 are generally reported in the literature.
13,15-17 We were not able to discern the reason for our higher relapse rates, although adherence to PegINF and ribavirin was considered; when checking patient medication refill patterns, adherence appeared to be high in our population. Another potential reason is the high number of patients who were lost to follow-up or did not respond to repeated efforts to get them to return for post-treatment laboratory testing (n = 72). Patients who cleared the virus at the end of therapy but were lost to follow-up were not counted as SVR. If, however, we were to apply our relapse rate to the patients who were lost to follow-up, then 53 additional patients could be assumed to have achieved SVR, and our overall SVR rate would increase to 63% (a rate that is closer to other reports).
Overall, the comorbid conditions found in our population are consistent with what has been reported for treated HCV genotype 3 patients of this age and sex distribution. In the multivariate analysis, we identified several factors that were associated with lower rates of SVR. Patient with diabetes, pulmonary disease, and cirrhosis had significantly lower SVR rates with ORs significantly below 1. In addition, patients with high viral loads and those who were obese had lower rates of SVR, but the ORs did not reach statistical significance. Older age (≥ 45 years) and male sex were also associated with ORs significantly lower than 1. These findings are consistent with those reported from tertiary and referral medical settings. For example, others have reported that patients with various degrees of liver disease, such as cirrhosis, advanced fibrosis, steatosis, and obesity, have lower SVR rates in genotype 3. [11] [12] [13] [14] [15] [16] 25 Age less than 45 years has been associated with improved SVR outcomes in genotype 3. 16 It is increasingly reported that HCV genotype 3 is more difficult to treat than previously thought and is associated with higher rates of complications than most other genotypes. 9, 26, 27 Two recent reviews that focused exclusively on HCV genotype 3 concluded that these patients are at increased risk for rapid progression of liver disease (steatosis, fibrosis, and hepatocellular cancer) and that efforts should be made for more efficacious and targeted genotype 3 treatments. 26, 27 The results of our study, which evaluated dual therapy with PegINF and ribavirin 
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in ORs with large 95% CI levels. As a result, although most point estimates for the baseline patient conditions were in the expected direction, the number of patients may have been too small for some factors to reach statistical significance. Second, treatment regimens were based on pharmacy refill records, and although refill records do not confirm drug-taking behavior, these records are commonly used in observational studies. The dispense data from our patients suggested that for a high percentage of their time on therapy, patients had drug in hand. Third, the diagnosis codes used to identify the patient population and determine baseline characteristics were not confirmed by chart review. Although we did not validate diagnosis codes through chart review, the data available through the EMR provided multiple sources for identifying patients and comorbid conditions. For example, we were able to use genotype data, HCV-RNA results, and diagnosis codes to identify our population of patients, and for patients with and found a low SVR rate, lends support to the growing consensus that genotype 3 is difficult to treat. The relapse rate of 23.5%, found in this study, is also higher than the relapse rates reported by others, which generally range from 10% to 15%. 11, 13, [15] [16] [17] [18] Sofosbuvir was approved for use with ribavirin at the end of the study window, and patients treated with this new combination are only now completing therapy. Clinical studies suggest that the combination of sofosbuvir and ribavirin are equivalent or better than PegINF and ribavirin. 28, 29 For treatment-naïve genotype 3 patients, current national guidelines suggest sofosbuvir and ribavirin or the combination of sofosbuvir and ribavirin plus PegINF. 
Limitations
Several limitations need to be considered when interpreting our results. First, although we are reporting on 484 HCV genotype 3 patients, it is a relatively small population resulting 
TABLE 2
Baseline Characteristics: Univariate Predictors of SVR 45 years (primarily baby boomers born between 1946 and 1964) also had higher SVR failure rates. Treatment failures in this study seemed to be driven by higher rates of relapse and a higher percentage of patients lost to follow-up. Overall, these findings lend support to evidence suggesting genotype 3 may be more difficult to treat than originally thought and that treatment strategies may need to be adjusted for patients with genotype 3. This is also important if, as some evidence suggests, patients with genotype 3 are at a higher risk for liver complications.
obesity, we were able to use diagnosis codes plus body mass index (measured height and weight from the EMR). Fourth, we had very few patients in our study with liver transplant, coinfection with HIV, African American (black) race, or with chronic kidney disease. Therefore, no associations can be drawn regarding these populations of patients.
Prior HCV treatment is generally associated with lower rates of SVR, and while a higher percentage of patients with prior treatment were in the treatment failure group for this study, these results and those of the multivariable analysis did not reach statistical significance. A post hoc subgroup analysis was therefore conducted in a population of treatment-naïve patients; patients with prior HCV treatment were excluded from this analysis. The overall SVR rate, in this treatment-naïve patient population, was not different from the whole cohort (52.5% vs. 52.1%), and minimal differences were seen in the multivariable analysis (data not shown).
■■ Conclusions
Our results suggest that HCV genotype 3 patients treated in a real-world setting may not achieve the same rates of SVR as reported from clinical trials and from tertiary or referral care centers. The patients with lower SVR rates included those with severe liver disease or comorbid conditions such as diabetes and pulmonary disease. Male patients and those older than 
